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FOREWORD

In Jaruary 1963, Monthiy Weather Review initiatec a *‘Picture of the Month Series’’ for
the purpose of disseminating particularly noteworthy nieteorological satellite photographs.
Prepared by the National Environmental Satel ite Center, these photographs were until
August 1966 concerned primarily with interesting and sometimes unexplained earth and
cloud features. Since September 1966, this series has emphasized applications of satel-
lite pictures iii weather analysis and forecasting,

Inasmuch as Mon:hly Weather Review is not readily available to operating Naval Weather
Service units, material contained in the 50 Picture of the Month articles from the begin-
ning of this series to the most recent issuereceived (May 1967) has been assembled under
o1e cover, To enhance the value of the compilation, the individual articles have been re-
arranged from their original chronological order into several groups of related photo-
graphs, In a few instarces, due to the nonavailability to this activity of a photograph as
large as that originally used, the satellite pictures appearing in this collection are smaller
in size than those of Monthly Weather Revicw . Itis notbelieved that any significant detail has
thiareby been lost,

This publicaticn was compiled by Mr, Ren€ V. Cormier of this activity under NWRF
Task 33, ‘*‘Meteorological Satellite Analysis Techniques."’

Reviewed and approved on 30 June 1967,

P

Officer in Ch 'rge
Navy Weather Research Facility
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1. Introduction to Picture of the Month Series
(January 1963)

Meteorologicul satellites are enrrently transmitting
pictures of the earth’s clond distributions at a rate in
excess of 500 pictures per duy. Sinee the inception of
the TIROS program, up to the present time, over 145,000
pictures have been received. It is difficult to overesti-
muate the value of these pictures not only for operational
forecasting and tracking of severe tropical storms, but also
for meteorological research, for, nfter all, the cloud dis-
iribntions are 9 direct effect of certain physical processes
which were going on in the atimosphere.

Tantulizing questions are presented to the meleor-
ologist working with TIROS photographs. shuost every
time he looks it a uew set of pictures. Yet, until now,
only limited use has been wade of this wealth of iuforma-
tion. Seientists in the Metcorological Satellite Lubora-
tory of our (‘enter have used about 700 pictures in research
nntes and articles.  Other studies have made at least a
partial use of the satellite pictures, but this does not begin
to exhaust the research possihilities,

For a loug time to come, satellite cloud pictures will
furnish the only weans of covering on a global seale the

patterns of weather. Therefore, any effort which can be
expended to learn how to interpret these cloud pictures
in ters of more conventional meteorological parameiers
will be of great use in the operational application of these
pictures, which 18 the primmary function of our Center.

We ure taking many different avenues to acquaint
meteorologists ns well us scientists in other fields with
the grveat putential of satellite pictures. One of the
methods commences here with the first of a series of
“Picture of the Mouth” to be published in the Monthly
Weather Reriew. This series will represent purticnlarly
puzzling phenomenn which have defied any simple inter-
pretation.  Also in this series will be published pictures
of unusual quulity suggesting a potential for othey npplica-
tions, such as geography, ocennography, ete. Together
with the picture we will present an informative legend
giving as mueh doctmmnentation as possible, such as synoptic
background, and, where possible, interpretation. We
welcome inqguiries from all interested scientists, parti-
cularly in universities, who would like to work on the
interpretation of such pictures.

N, Frep Sixaen
Divector
Natiounl Weather Satellite Center
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PICTURE OF THE MONTH
(July 1963)

This TIROS V photograph (pass 542 541, frams 12)
was tnkeu over the far southeru Indian Oevun on July 27,
1962, at approximately 0720 aur, and was veceived at
Wallops Station via tape mode,  North is ronghly toward
the top of the pietuve.

The two appuvent vortices ave ouly shout 450 sales
apart, an unusually short distamee for synoptic-seale
features.  The one on the {eft s centered appiosuately

at 55° 5., 103° E., aud the one on the right nenv 54° S,,
115° E. Zone time at the 105th weridun would be
about 2:20 p.u., but nt these far southern latitudes in
July the sun is vear the uorthwesteru horvizon nt this
hour.  Twilight is invuding the southeastern (lower
vight) portion of the picture. The alternate light and
dack bands across the bottom nre due to eleetronic
interference wnd represent no real feature,

Two Vortices, Southern Indian Ocean
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PICTURE OF THE MONTH
(January 1966)

160°E New Zealand

TIROS IX, pass 203/202, Cameras 1 and 2, 0207 aur, February 8, 1965.

Two distinet and clenrly-defined centers of evelone
vorticity ure contained within this TIROS IX double
photograph, takeu over the far Southern Pacific Jcean.
The wmajor center is loented near 38° S, 172° "; the
secondnry center is near 50° 5., 156° W.  The outline of
South Island, New Zealaud, has been added at upper left.

It is believed that the primary clond vortes corresponds
1o a lavge, deeply oceluded eyelone whose frontal system,
as indieated by the major clond band (a-a-u), has ad-
vanced very far to the east of the low center. The
secondary disturbanee is within the cold air to the rear
of the najor frontal baud, and it represents an nnusually
well-defined vorticity center althongh possibly not a closed
evelouie cirenlation.  The shight northwestward hulge of

the cloud band in the aren just beneath the fidueial eross-
mark may have been induced by the approaching vorti-
city maxinuim.  Overall, the entire eyelonic systein seems
somewhat “inverted,” with conveetive elonds inarking the
presence of unstuble cool wir equatorward of both disturb-
ance ceuters.

Detailed couventional data to eorroborate all of the
foregoing are not available. However, copies of the 0000
aur and 1200 ¢mt surface and upper-air enalyses for
February & from the Internntional Antaretic Analysis
Center, Melbourne, Austrulia, do indieate, on the basis
of peripheral dutn, a large area of low pressure eentered
near 38° 8., 170° W,

Vorticity C. nters, Southern Pacific Ocean

o




PICTURE OF THE MONTH
{August 1963)

Many TIROS pictures have revealed the spiral cloud
arrays associated with eyclonic vortices. This particulsr
example, more outstanding than most, is a TIROS VI
photograph taken over the North Atlantie Ocean south-
east of Nova Scotia on May 29, 1963, at 1005 Gmr,
and received at Wallops Island, Va., on Pass 3692/3691.
The camera wans looking toward the northwest (top of
pieture).

At the time o/ this photograph, the synoptic analyses
showed the eyclone to be well occluded, lut of only

moderate intensity, and filling slightly. It was partially
cut-off, with tle 500-mb. Low (43°N., 59°W.) slightly
northwest of the surface Low (41°N,, 57°W.). ‘The cloud
pattern shown here is unusually well-defined, but its
major features seem to be typical of many cyclones.
In this instance the large spiral cloud band agrees quite
closely with the surface position of the occlusion
and cold front. However, the apparent center of the
cloud vortex coincides more nearly with the position of the
800-mb. Low than with the position of the surface lLow,

Outstanding Cyclonic Vortex
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PICTURE OF THE MONTH

(November 1965)

TIROS IX, Pass 1257/1256, Camera 2, frame 11, 0851 omT, May 6, 1965

This tightly-wound cloud spiral—much more compact
in the central arsa than is usually observed—was photo-
graphed over Russia on May 6, 1965. The center of the
cloud vortex was near 56° N., 44° E., approximately 200
n. mi. east of Moscow. North is indicated hy the arrow.

In addition to the unusual compactness, such a clearly-
defined cloud vortex is rarely seen over land; convective
and orographic influences generally tend to mask and dis-
arrange the land-based cloud spirals. It is not surprising
to discover that this cloud vortex occurred over relatively
flat terrain and that it was associated with a nearly sta-
tionary, well-occluded, cold-core cyclone whose structura
had changed little during the preceding 24 hr. At the
time of the photograph the cyclone was of moderate in-
tensity (998 mb.) and was nearly vertical—the surface
Low, the 500-mb. Low, and the cloud vortex were all cen-
tered near 56° N., 44° E.

The solid cloud hand spiraling into the vortex from near
the eastern horizon corresponds to the occluded front. It
consists mainly of middle and upper-level stratiform layers
and is 100-150 mi. in width. Mixed convective and layer-
type clouds at low and middle Jevels occupy the central
area of the cyclone, with most surface stations in that
area reporting light precipitation at 0600 amT. The ex-
istence of high clouds near the vortex center was not de-
termined because of the presence of lower overcast.

The other major cloud hand, near and roughly parallel
to the hottom of the picture, does not correspond to any
well-defined feature on the surface or 500-mh. charts.
The band may he associated with a jet stream, hut the
necessary npper-level data to verily this conjecture are not
immediately available.

The small, irregular whitish patches northwest of the
vortex are lakes whose surfaces are partially ice-covered.

Tightly-Wound Cloud Spiral
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PICTURE OF TIHE MONTH
(February 1964)

This THROS VI plotograph of the Caspizn Sea arex
(s 2278 2276, frame 27) was tuken on Novauber 20,
1963, at 0924 aut and was veeeived at P Mapan, Cali-
fornia, vin tape morde. North is ronghiy toward the top
of the picture.

The apparent simdl vortex or evelonie swirl of elond is
centered over the waddle of the Cispiae Sea itsell.  Hs
existenee is not obvions fomc the coventional snrface
datac.
the general aren was nnder a weak ridee of high prossure,

The surface synoptie walysis for 1200 cur shows

bt with tle renmants of - trailing coid Front extending
over the Caspian Sea from the northenst. Fhe clond
spiral conkd have been associated with the trailing cold
fromt, bt it might also have been waechaniexdiy indieed
by flow acvoss the monntains to the west, or thermally
indneed by surface heating from the relatively warm s

The snow-covered Cineasns Mountains ean he seen
extendhng  vest-northwest  from the
fihterd raark.

near center-eross

Small Vortex in the Caspian Sea



PICTURE OF THE MONTH
(August 1966)

(a) ESSA-1, Pass 1743, Camera 1, Frame 7, June 4,
1966, 1943 ouT.

(b) ESSA-1, Pass 1757, composite of three photos,
June 5, 1966, approximately 1908 cwr.

(> ESSA-1, Pass 1..,0, Camera 1, Frame 6, June 7,
1966, 1938 ouT.

The photos of hurricane Alma, the unusually esrly tropical
eyelone of the 1966 Atlantic season, give the most complete satellite
coverage yet obtained of the life histery of an individual tropical
storm. (a) and (b), taken on June 4 and 5, show the large cloudy
area having a crude spiral configuration associated with the develop-
ing depression in the northwestern Caribbean Sea.  lighest surface
winds at the time of (b) were approximately 30 kt.

(c) shows the developed hurricane moving slowly northward
toward western Cuba. Two days later (d) the storm center was

(d) Nintbus II, Pass 338, APT, June 9, 1966, 1641 6MT.

nearing the Florida Panhandle, with a large shield of spiral bands
extending to the Carolinas and far ont over the Atlantic. The
coastlines of southern Florida, Yucatan, and western Louisiana are
visible.

Of interest in (d) is the mnusielly refleetive water (sece arrew)
adjacent to the west coast of southern Florida. 1t is not krown
whether this was cnsed by foanting surf in the shallow waters, or
whether it represents light cotored sediment or other materiat stirred
up by the pasgage of the storn.,

Hurrican: Alma, 4-9 une 1966
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PICTURE OF THE MONTH
{December 19266)

EDWARD W. FERGUSON

National Environmenta! Satellite Center,
Environmental Science Services Administration, Washington, D.C.

Soine of the heaviest precipitation in the siuthwestern
Uni.cd States occurs when a tropical storm i1 located off
the wes* cosat of Mexico and a southwesterly' upper-level
flow prevails over the region. At the time of the satellite
picture shown in figure 1 hurricane Helga (A) was cen-
tered at about 20° N., 116° W., and 500-mb. keights were
rising in western Mexico. The de velopment of this High
caused an increase in southwesterly flow over nortliwestern
Mexico and scuthern Arizona (fig. 3). The resulting
advection of moisinre from hurricane Helga is evidenced
in the satellite picture by the mass of convective clouds
north of 30° N. at 110° W. These clouds are due pri-
marily to orographic effects along the mountains in
northern Mexico and southeastern Arizona.

Showers and thunderstorms were occurring over parts of
Arizona at 1500 aMT (fig. 2). As hurricane Helga moved
northward and the high pressure center continued to
build over Mexico, the amount of cloudiness and the
intensity of the precipitation increased. The Phoenix
River Distzict reported local amounts of 2 to 5 in. of rain
during the 24-hr. period subsequent to the time of figure
1. Tt is significart that the heaviest rain occurred when
hurricane Helga was some 500 mi. off the coast of Mexico;
by the time the storm had moved tu central Baja Cali-
{ornia, the heaviest precipitation had ended over the
southwestern United States.

Fiouge 1.—ESSA 2 APT photograph, 1540 M1 September 12,
1966. SAN = San Diego, ELP = El Paso, OKC = Kansas
City.

—

Fiaurz 3.—500-mb. analysis, 1200 euT September 12, 1366.

Tropical Storm, West of Mexico
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PICTURE OF THE MONTH
(January 1967)

E. W. FERGUSON AND F. C. OPATKA

Notional Environmental Sotellite Center,
Envi tal Scienc e Servi A deniai ion, Washi ,D.(.

A cold polar outbreak on November 2, 1966 brought
record-breaking low temperatures and snowfall to many
parts of the central and southeastern United Stats.
The surface map for 1800 amTt (fig. 1), shows a surface
Low in eastern Kentucky and snow falling as far south as
Montgomery, Ala.

Fignure 2 shows the cloud pattern associated with this
svstem. The broad multilayered cloud band betweer
points A and B is the cold front; the narrow cloud band:
around C are in the cold air west of the front. Cloud:
associated with the early spowfall extend in a broac

Figure 1. —Suiface chart 1800 amt, November 2, 1966.

Fiaure 3.—ESSA 3 photomosaic. I’nsses 405 406, 1721-1016 cmT,
November 3, 1966. The narrow dashed lines near the center of
the pieturc are snow depth contours for 1200 umt, November 3,
1966. The closed contour in central Kentucky indicates a 15-in.
snow accumulation.

Figure 2.—ESSA 3 photomosaic. Passes 392-333, 1632-1832 guT,
November 2, 1966.

Farly Winter Storm, Eastern U. S. 10
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semicircle to the northwest and southwest of the low center
near point D.

Figure 3 shows this ares 24 hours luter. The storm
center (D) has moved into southwestern Quebec and the
cold frontal band is located off the east coast of the United
States. To the rear of the front, the cloud bands at E are
the result of cold air advection over the relatively warm
waters of the Gulf of Mexico and the western Atlantic.
The new snowfall left in the wake of the storm is visible
from northern Alabama to the Grest Lekes. The 1-in.
and 6-in. snow depth contours in this figure outline the
areas of new snow. The closed contour over central
Kentucky shows the ares of 15-in. snow accumulation.

This snowfall was 4 to 6 weeks earlier than the average
date of necurrsnce of 1 in. or more in lower Michigan,
eastern ‘ndiaua, and western Ohio. Nashville, Tenn.
recordeu 5 in. of snow, while soms areas of central Ken-
tucky received a foct or more. This was the sarliest
snow on record in Meridian, Miss. and Montgomery, Als.

New rerords for the loweet temperature this early in
the season were reported in the castern Plains and Mis-
sissippi Valley. A reading of 10°F. at Topeks, Kans.
established a new low for this early in the szason and the
28° reported at New Orisans is the lowest on record there
for the month of November.




PICTUKE OF THE MONTH
(April 1967)

Ficure 1.—500-mb. analysis, 000 out, February 8, 1967. Solid
tines represent vorticity contours and doited tines 500-mb. height
contours.

Froure 2.—8urface map, 2100 our, Febraary 7, 1967,

EDWARD W. FERGUSON AND FRANCES PARMENTER
Netional Environmental Salellite Center, ESSA, Washingion, D.C.

At 0., at February §, 1967, u 500-mb. trough with a
closed center of positive varticity luy over the Texas-New
Mexivo border (fiz. 1). The surface analysis (fig. 2)
shows a cold frast in the inverted trough over western
Texus

The sccvmpanying ESSA 3 phatomosaice (fig. 3) shows
the chund puattern {autlined in white) nssocinted with the
surfuce aad 509-mb. systeras.  Of uiterest is the cloud
band, exteading frean the Texas-New Mexico border at
105°W., northeu~tward ta 36°N.. which bends cyclonically
imto a epnter in central New Mexico. This comma-
shaped conhgurntion is typical of the shape of cloud pat-
tern prcduced in o rvegion of positive vortieity. (It is
wnnsual to observe this fenture over land althouzh it is
common over oceinnic aress where the effects of friction
ure less wud maistere is more plentiful.}  The striations in
the eirvoform cland shield which emanute from a point
west of P and extend northeast to Q, suggest sharp anti-
cyclonie flow in the upper levels.

Much of the bright urea neur R and northward is snow
un the Rocky Mountuins,

‘The cland bund in the lower right corner of the mosaic is
associnied with n cokd front extending across the Gulf of
Mexica.

Fievue 3.—ENSA 3 photomosaic.  Pass 1612, 2006 o+, February
7, 1967.

Comma-Shaped Cloud Pattern
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PICTURE OF THE MONTH
(April 1963)

This TIROS v photogruph was taken on December 14
1962, at 1036 w.n. pst on pass 2555 and was received at
Pt. Mugn, Calit,, via direet readont.

The well-defined streak of elond, oriented nearly west-
east across Baja California is an unexplained feature.
Tt might be an aireraft condensation trail, but it is far
south of most air routes, and the width of the strenk in iis
western portion seeis to preclude this explanation,

Some idea of the width of the clond strauk Ay he
obtained by comparing it with other objeets  The 2-to-3-
mite-wide chammel between the Mexican Coast and
Tiburon Island is not discernible in this picture, whereas
the 7-to-10-mile-wide chainel between the island to the
northwest und Baja California shows up elearly. There-
fore, the cloud line must be at least 3 miles wide over

most of its lenzth and is 10 to 15 miles wide in its western
portion.

Unexplained Cloud Streak, December 1962

13
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PICTURE OF THE MONTI
(September 1964)

These two TIROS V photographs (pass 436:3/4362,
camera 1, frawes 28 and 26) were taken on April 19, 1963,
at approximately 1917 ¢yt and were received at Point
Mugn, Calif,, vin tape mode.  Baja California is elearly
visible in the photograph at right, and it also appemrs in
the upper right corner of the picture at left. North is
indieated by the nrrows.

A striking and unexplained featmre is the long streak of
cloud oriented approximately WSW-ENE across the
middle of both pictures. The western end of the ¢loud
strenk is located near a small bright eloud which is about
500 mi. southwest of Baja California, nnd the strenk
itsell extends in an unbroken line nearly to the southern
end of that peninsula. Broken and less well defined
filaments continne across the peninsula nnd well into the
mainland of Mexieo, A somewhat similar cloud festnre,

occurring in the same general area, appeared as the April
1963 “Picture of the Mouth.”

The cloud streak and the ussociated filaments almost
certainly are composed of eirrus or cirriform clouds at a
much higher elevation than the low-level stratoeumnulus
present beneath the strenk and to the north of it. At
least th.oce pussible explanations may be offered, none of
which seeins entirely satisfactory:

(3! The cirrns strenk was produced by upward motion
in the high troposphere ossocinted with a nearby jet
stream;

2) The small bright clond near the western end of the
streok 8 a enmulonimbus elond that produced the long
phume of cirrus;

(3) The e¢irrus plume is the ontgrowth of an aireraft
eondensation trail.

Unexplained Cloud Streak, April 1963

14
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PICTURE OF THE MONTH
(August 1965)

(a) TIROS VII, Pass 997/997, Camera 2, frame 23, August 25, 1963,
2037 auT

These 'TROS VII photographs each contain features
in the cellular cloud pattern that are not only unusual but
ulso difficult to explain. The unusual features common to
both are the narrow curved bands of clouds that appear to
be embedded in the areas of cellular structure. Both
pictures were taken over the western North Pacific Ocean
during the summer; photograph (a) is centered near 38°
N., 167° E,, photograph (b) near 49° N, 155° E. North
is indicated by the thin arrows.

The clouds in photograph (s) were associated with a
deepening extratropical cyclone of mioderate intensity
(994 1ab.). The somewhat irregular cloud band near and
roughly parallel to the bottom of the pic*u: ¢ is believed
to coincide with the surface position of the ~old front, and
tae cumuliform cloudiness visible to the north is within
the cooler air to the rear of the front. The nurrow,
smoothly curved cloud lines apparently represent ent anced

(b) TIROS VII, Pass 5782/5773, Camecra 1, frame 29, July 13, 1964,
2226 aut

convection that is contained within the layer of low-level
cumuliform cloudiness. While these narrow lines appear
to be associated with the circulstion about the cyclone,
two of them are observed to intersect (heavy arrow)!
Thercfore, the lines cannot rej resent only a simple, cy-
clonically spiraling streamn’ ne pattern.

The cloud lines in photograph (b) are less smoothly
curved, suggesting aircraft condensation trails. However,
the fine structure of these lines appears almost identical
with that of the lines in picture (a), and the lines scem to
be at the same altitude as the adjacent low-level strato-
cumunlus masses. The synoptic analyses suggest nothing
unusual. The surface map shows the area was in a weak
easterly-to-southeasterly flow; the 500-mb. chart indicates
a nearby col with generally light winds.

Photograph (b) was suggested for use by C. J. Bowi-y
of ARACON Geophysics Company, Concord, Mass.

Narrow Lines in Cellular Cloud Field
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PICTURE OF THE MONTH
(May 1963)

These two TIROS 111 photogiuphs, hoth reveived vin
tupe mede nt Wallops Statiou, Va., were taken about 2
months and 5,000 miles apart.  Barh shows strikingly
large parallel bands over low-latitude, Souchern Ilewi-
sphere ocean aveas; winl in both cases the bamls wre
oriented very nearly enst-west, with the width of each
band of the order of 150 miles.

The picture ou the lefi (pass 199108, frawme 7. 0620
e, July 26, 1961) was taken over the souther hudian
Ocean northeast of Madagasear which is somewhere vear
the horizon to the left. ‘The bawls hie in the geueral aren
bowmled by 50° and 70° E. and by 8° and 20° 8.

In the picture on the rvight (pass 1121/1120, Mane 3,
12008 g, Sept, 28, 1961) the baads ave in the aven
batween 3% aml 15° 8, anal hetwern 532 and 30° W, ahaost

midwuy  between  Afrien and South  Amerien.  The
Brazilian coast lies beyoud the horvizon to the left of this
pictnre.  Although the luter TIROS 111 pictures, such
as this one, snffered considerable image degradution, it
still is possinle 1o see that the bands are composed of
nmerons smaller cumuliform aggregates.

Avearding to climatologienl uvernges, the Intertropicnd
Converzence Zone shonld ke noith of the equator in July
and September, and it is probable that these bands south
of the eipuator und at low latitudes ave in ensterly or
southeasterty winds about the periphery of anantirvelone:
clearty not any Tamikiar synoptic model,

What is the nature of this remarkable tropical
converzes?

Low-i.atitude Parallel Bands
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PICTURE OF THE MONTH
(June 1964)

Sinee the launching of TTROS I, oceasional satellite
pictures have revealed the existence of wave clonds,
associated with the air flow across mommtain
This particular example is o TTROS VI photograph (pass
4363, camern I, frame 10) showing such clonds over and

1ranges.

to the euast of the Appalachians. The photograph was
taken on April 9, 1964, at 1308 ¢yt (DSD9 Est) and was
received at Wallops Island, Va., via direct readout.
North is roughly toward the top of the picture, with
portions of the Great Lakes appearing in the upper left.
The interseetion point of the center-cross fidueial mark
lies slightly to the east of Columibus, Ohio.

At the time of this photograph, a recent surge of enld air
had invaded the enstern United States. The surfuce map
for 1200 gur, April 9, showed a high pressure center (1030
mb.) loeated over Arkansas, with west-to-northwest
winds, near freezing temperatures, and seattered snow
flurries over the Appalachian region. Strong westerly
winds existed aloft.

The spacing of the individnal cloud bands in the picture
is approximately 10 statute miles.  Sarface stations in the
area were reporting steatoeniulus and altoeumulus type
clouds, and many aireraft reports of moderate to severe
turbulence were received from in-cloud and below-eloud
levels during the day.

Mountain-Fave Clouds
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PICTURE OF THE MONTH
(January 1964)

This unusually clear TIROS VIT photograph of the
northeastern United States (pass 063, frame 3) was taken
on June 23, 1963, at 1634 ¢t and was received at Wallops
Station via direet readout. Long Island lies just above
and to the right of the center-cross fiducial mark.

The large band of cloud across the lower part of the
picture is oriented approximately ENE-WSW and is
believed to have been associated with the jet stremm.
It consisted of cirrus and altocumnlus type clouds.
(Other pictures from this pass reveal that the band
extended a considerable distance beyond the eastern
border of ihe pliotograph shown lere.) 300-mb. and

200-n1b. charts for June 23, 1200 ¢yt show a Low eentered
over the Gulf of St. Lawrence, with strong westerly winds
reported over middle Atlantic coastal stations from
Nuntucket to Norfolk.

At the surface, it muss of cool dry air covered the region,
with high pressure (1030 mb.) eentered over northern
Ohio. The semi-stationary front marking the southern
and eastern boundaries of this cool air extended from
Georgin enst-northeastwnrd over the Atlantic, its surface
position being approximately parallel to the lower border
of this picture but slightly south of it and outside the
picture aren. Warm-frontal cloudineas ver the eastern
Carolinas is vizible in the lower left corner.

Jet-Stream Band, Eastern U. S.
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PICTURE OF THE MONTH
{March 1964)

This striking cloud formution across the west const of
Mexico was photozraphed by TIROS VEHE (pass 2092:2991,
frame 4) on Juauary 7, 1964, at t919 cyur. The picture
was received at Wallops bsland, Va,, via tape mode.  Por-~
tions of Brja Californin and the Gulf of California appear
in the npper left.

The edge of the muin cloud mass, oriented approxi-
mately northeast-southwest throngh the center-cross fi-
ducial murk, is believed to be associated with the jet
stream and to be roughly parallel to it nnd perhaps shightly
soutlt of the jet core. Detailed upper-wind information
over this area is lacking, but farther north there was a
decpening upper-air trough over the Rockies at this time,
indieating the likely existenee of stronz sonthwest or
west-southwest winds over the pictured area.

The elonds are helieved to be mainly upper-leve: alto-
cumithis and dense cirrus,  Whatever their true satnre, a
remarkable structure of transverse hands *s clearly ap-
purent.  In the region throngh the center-cross fidneinl

wirk, individual hands are 10 te 20 mi. m width an:l are
otiented nearly north-south, Townrd the lower right
corner, larger bands are seen enrving ont toward the
sontheast,  Just above the center-cross fidncial mark and
across its northern and western ends ix an area of thinner
cirrus which also shows a faint imnded structure, here
aligued north-northeast-— seuth-soathwest!

The sanal' patch of clouds over Mexico, somewhat
above und to the right of the eenter-eross mark, is believed
to be lower-level enmulus clouds.

Jet-Stream Band, Western Mexico
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PICTURE OF THE MONTH
(May 1964)

This TIROS V1 plotograph of a North Pacific
eyclone (pass 764/762, caniera 1, franae 13) was taken on
February 12, 1964, ut 0045 6MT aud was received at
Whallops Island, Va., via tape mode. North is roughly
indicated by the arrow. The surface analysis for 0000
eMT, February 12, showed n deepening cyclone (990
mb.), beginning to occlude, centered near 40°N., 180°,

An overall general spiral pattern often is seen in TIROS
pietures of cyclones, but the sharply defined cloud lines
in this photograph wre unusuul. Three major eloud

bands curve from the lower left to the picture right-
center,  The easternnost band sugeests frontal clouds,
and the center band, with many small transverse elements,
is siniilar to a jet stream pattern. This interpretation
uppears to be inscnsistent with surface data, however,
The western thin curved band is not like anything usually
seen in TIROS pictures.

The cumuliform cloudiness in the upper left quadrant
undoubtedly represents low-level convection in the eold
air to the rear of the eyclone.

Skarply Defined Cloud Bands
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PICTURE OF THE MONTH
(July 1965)

This hroad frontal clond hand over the low latitudes of the
Western North Paeifie was photographed by TIROS IX (pass
627/624, camera 2, frame 15) on Rareh 15, 1965, at 0105 GM'T.
The pieture was reeeived ut Wallops Island, Va., via tape mode.
A partial latitude-longitade grid is superimposed.

The striking feature is the well-defined, wavy rope-like appearanee
of the eloads along the southern boundary of the clond baund., 1t
is belicved that the surface position of the slowly-moving coll front
is slightly north of the rope-like edge, but near the southern bound-
ary of the band. The clouds are probably predominantly at low
and middle levels, but some cirrus may also exist.

Similar rope-like clond features astociated with extensive eloud
masses have heen seen several times, over subtropieal occan arcas
and are most often nlong the southern edge of a eold-frontal band
us is the case here.  No such feature hus been observed at latitudes
higher thun 40° nor with fast-moving fronts,

The broad dark zone immedintely soath of the wiuvy edge is
nearly eloudless and implies subsidence in the middle and low
troposphere, while the bright wavy elond line represents a very
narrow line of upward motion. Clearly, the conventional frontal
models exnnot account for sach a mesoscule puttern.

Rope-Like Edg: on Band, March 1965
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PICTURE OF THE MONTH
(February 1967)

Satellite photographs of oceanic areas at lower latitudes
often reveal a bright, narrow, rope-like line preceding u
cold front. Frequently this thin line is separated from
the main frontal hand at intervuls by holes or zones of
greatly reduced cloudiness. The TTROS IX photograph
of February 25, 1965 (fig. 1) presents a fine example,
showing the main frontal bund (A) separated from the
typical rope-like line (B) by holes such ns at . Although
this phenonienon occurs mostly over data-spurse oceanic
regions, a few cases are documented by radar observations.
Resuits show the narrow lines to be convective clouds
with tops ranging in general from 15,000 to 30,000 ft.
“Unlike the squall lines of the Middle West the weather
does not appear to be severe. Light showers und thunder-
storms occur but nothing unusual hus appeared.” !

The iadarscope pictures (fig. 2) show a narrow band
oriented 03£°-218° crossing Key West, Fla., shortly after
1000 guT, February 25, 1965, moving from 310° at 22 kt.
The Miami radar observations indicate passage at 1140

Ficere 1.—TIROS IX photograph, 1753 aut, February 25, 1965.

Gurt of a line of showe.., ard thundershowers 5 to 10 mi.
wide and nore than 30C mi. long, oriented 035°-215°,
moving from 300° at about 20 kt. The orientation and
movement of these lines are in excellent agreement with
the pasitive of the rope-like line in the satellite picture
taken at 1753 GwT.

Both Miami and Key West observers reported rain
showers and thundershowers, and cloud tops ranging
from 18,000 to 30,000 ft. along the narrow line.

'L, F Whitnev, U lished M: 1 ber 31, 1963.
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Fioure 2.— Radarscope pictures taken at Key West, Fla., at 0700,
1000, 1100, and 1200 gumT, February 25, 1965.

Rope-Like Edge on Band, February 1965 22
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PICTURE OF THE MONTH
(September 1966)

Fioure 1.—An example of a prefrontal squall line. ESSA 1
photomosaic. Pass 1470, 1914 cuT, May 16, 1966.

Fiaure 2.—500-mb. (solid lines) and vorticity (dottec lines)
analyses. (800 auT, May 16, 1966. Prepared from 1800 omt
winds aloft data and interpolation botween the 1200 guT and
0000 auT computer-analyzed height r.nd vortieity ficlds. Radar
reports are denoted by the shaded ar:as.

Commmencing with this issue, 1he “Pictnre of the
Month” will illustente an operational application of the
ESSA 1 television data or the Autmnatic Picture Trans-
mission (APT; data from ESSA 2. Daily analysis of
hundreds of satellite pictures at National Environmental
Satellite Center has led to a large number of empirical
picture interpretaton rules tha. "iave proven valuable for
meteorological use. The widespread receptior of APT
from ESSA 2 provides the opportunity to present to a
large audience the discussiors that have formerly bee:n
available only to thase at the analysis center and to
expand the utility of these new data.

The ESSA 1 photomossic (fig. 1) shows the cloud
pattern associated with a squall line over southeasterr
United States. The analyses in fignre 2 show that the
squall line is located just in advance of a short-wave 500-
mh. trough in the area of strongest positive vorticity
advection. Radar reports near the time of the satellite
pictures depict a solid line of echoes between points F
and G (fig. 1). Small cloud lines tend to spiral toward
a point and suggest a center of circulation at point A.
This is in close agreement with the analyzed position of the
surface Low over northern Alabama (fig. 3). The large
shield of clouds east and northeast of the squall line is
mostly cirrus that has sheared from the tops of the
thunderstorme which developed in the area of maximum
vertical motion. Thkis cloud shield is being advected
northeastward. However, it exhihits striations (B) that
taper toward the southesst (points C) which indicate
anticyclonic turning of the high-level winds. This anti-
cyclonic turning causes the dissipation of the cirrus near
the east coast (points C). The multilayered cloud band
of the cold front lies between points D and E.

Surface analysis 1500 awT, May 16, 1966,

[QTHRIRE

Prefrontal Squall Line

23




PICTURE OF THE MONTH
(November 1966)

Fioune 1.—ESSA 2 APT (Automatic Picture Transmission)
photomosaic, 1553 oMt June 22, 1966.

Figure 2.—500-mb. analysis (solid lines) and 850-mb. isotherms
(dashed lines), 1200 amT June 22, 1966. Stippled area denotes
clouds associated with squall lines seen in figure 1.

The ESSA 2 APT photomosaic (fig.1) shows the cloud
pattern (A) associated with a developing =quall line in
central Nebraska. The convective activity Jeveloped in
a tongue of warm moist air which at 850 mb. (fig. 2)
extended north-northeastward from New Mexico tothe
Dakotas. The squall-line cloudiness was just in advance
of a short-wave 500-mb. trough (fig. 2).

Of particular interest are the small bands of cirriform
clouds (B) which emanate from ths north side of the
cloiid uass aind turn sharply anticycionicaily to extend
east of the main cloud mass. This cloud patten is
typical of squall lines which form elong narrow warm
tongues. These bands of high-level clouds (B) are
aligned parallel to the thermal wind, as shown in the
1000-500-mb. thickness analysis in figure 3, and are
also parallel ‘to higher-level isotherms. The squall line
activity moved northeastward, intensified during the
6-hour period subsequent to the time of the APT photo-
mosaic shown here, and then dissipated.

Other features of interest in figure 1 are White Sands,
New Mexico, which appears as a small white dot at
point C, and the Gulf of California which is visible at D.

Firoure 3.—Surface analysis (solid lines) and 1000-500-mb. thick-
ness analysis (dasned lines), 1200 oMt Juiuc 22, 1966. Stippled
area denotes squall-line cloudiness scen in figure 1 and solid
shading represents radar echoes observed at 1445 oMT.

Developing Squall Line
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PICTURE OF THE MONTH
(April 1966)

-3\ 136
1ol ri4/

A
«4)%3”24

TIROS VII, Pass 4365/4364, Camera 1, frame 13, 1456 am1, April 9, 1964,

Plotted data are for Ship “B” (56.5° N., 51° W.), 1200 ¢uT,

April 9, 1964,

The Greeoland Iee Cap and sowe remarkable low-level eonveetive
eloudiness are elearly visible io this photograpih takeo at 1456 cur,
April 9, 1964. DPlotted at left are the 1200 amt surface and radio-
sonde observations from wenther ship **B”, whieh was loented withio
the photographed area near the lower left eorner.  North is indi-
eated by the arrows.

The surface syooptic analysis for 1201 aur, April 9, showed a
weak ridge of high pressiure extending from northern Greenland to
the Lahrador Coast, indieating that most of the aren was nnder a
moderate northerly or oorthwesterly flow of Aretic air.  Tempera-
tures at stations along the west eoast of Greenland ranged from
—28° (. at Thule in the far north (outside pietured area) to —5° C.
at Prins Caristians Sund near the southern tip. The region of
Davis Strait, between Greenland and Baffin Island (npper eenter of
photograph), was lusgely filled with sea ice: it is believed that nir
flowing sonthward fromo that region was initially some 15° to 20° (.

colder than the underlsiog water.  Numerons small parallel clond
lines appear over the open-water wrea south of Davis Strait.  These
are thought to represent un initially shallow b very nnstable
low-level convective luyer charaeterized by strong hemiing from
below.  Farther sonth, at ship B, « near-adinhatie lapse rate hns
beco created up to 837 mh., topped by an inversion in 1he layer
K37-765 mh.  Narrow eloud lines are oo longer in evidenee: ingtead
the appearance is one of a eellnlar elond patteru with eells arranged
in muel larger, ill-defined coarse lioes.

Similar patteras in less well-developed form are frequently seen.
Preliminary studies indieate that ali ocenr within a rapidly deepen-
iog layer of hented nir,

A portion of the west const of Greenlaond is bordered by clear air
while a line of enlianeed convection appears offshore.  This line of
enhanecd conveetion probubly represents the eonvergenee of low-
level drainage from the iee eap with the general sonthward snd
sontheastward flea of air fram Davis Strait,

Low-Level Convection Lines
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4. CUMULUS PATTERNS
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PICTURE OF THE MONTH
(January 1963)

TIROR ¥V, 15T cyr, Letober 7, 1962,

It is approprinte that this series begins with n type of
cloud pattern  discovered on TIROS  pictures.  The
nnmehered arrows indieate a tine ol actinoform patterns
presumably in varions stugzes of development.  Nnmbuors
1 and 5 almost merge and 1 s poorly orgamized, but the
typieal pattern is casity seen in 2 and 3.

The first exataple of this was seen on Angust 16, 1962
when TTROS Vo orevealed o single pattern such s this,
centered nbout 100 miles south-southwest of lawaii.
The simultancons snrfuce observation at llilo, Tawaii,
reported “low cloud 8™ wade vip of 2500 D, 50000, Al-
though ilo was within 30 mi. of the edge of this pattern
the clouds of interest lay 30 to 20C nn. cross-wind from the
observaution point and it is possible the observations are
not entirely representative.  Sinee then several other
pictures of like patterns hive been obtained, but none
near surface observations.

Numbered ¢load parvern is along 7° 5 between 87° aad 07° W,

The common Teatires of these actinoform palterns are:

LAl have ocenered in the Tropics or subtropies.

2. All have ocenrred where there was mi observed in-
version or the likelitood of one.  The awaiian Istand
case showed a well-developed teade wind inversion some-
what below norpial height,  The loention of the case
pictured herve snggests the prahability of nn even lower
inversion.

3. The individual pattern near Hawaii was abont 200
mi. in dinmeter. The ones pictured here nre abont 125
mt. in diameter.

1. The cloud fiekd in the vieinity is the type already
known to be associnted with low-level inversions.

5. FThe eadial arms huve a weak tendeney 1o curve in
one sense.  The case in the Northern Hemisphere enrved
clockwise cutward, these in the Southern lemisphere,
counterclockwise outward,

Actinoform (Padial) Clouds, October 1962
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PICTURE OF THE MONTH
(April 1965)

{ny TIROR V, Puss SIN/S37, Camera 1, frame 26, August 16, 1962,
2322 GMT

Radial or semi-rudial eloud putterns over the tropical
and subtropieal oceuns have been seen in numerous
satellite photographs. Outstanding examples, snch as
those shown here, nre rare; bnt similur patterns in less
well-developed form are commonly observed. They are
most frequently seen in the low Iatitudes of the Eustern
Pacifie,

Photograph (n) shows a single suaeh pattern, npproxi-
mately 200 miles in diameter, eentered near 17.5° N.,
155° W., about 100 mi. south-sontheast of Hawaii,
Photograph (b) reveals several somewhat smller patches
in the Sonth Pacifie Ocean west of Peru. The pieture

(b) TIROSN VI, Pass 304973048, Camera 1, frame 17, July IS,
1064, 1713 GMT

center i at approxinmtely 15° 8., 100° W, and individual
patterns ure roighly 100-150 mi. i diameter. A third
outstanding example was presented as the very first
“Picture of the Month” (Monthly Weather Review, Jan-
nary 1963, p. 2), aud the reader is referred to the text
accompanying that picture for additional informatien.

Becunse these patterns ocenr within sparse-data areas,
few nenrby conventional observations are available, and
none from within the patterus themselves. Why shounld
such sirikingly different modes of convection exist side-
by-side over a relatively uniform ocean surface?

(Note: Pictures reproduced above differ by one frame number from pictures appearing in the Monthly
Weather Review. Accordingly, the locations specified in the text are somewhat in error.)

Actinoform (Radial) Clouds, August 1962 and July 1964
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PICTURE OF THE MONTH
(March 1963)

This TIROS IV picame veceveshat Wallops sl Vi,
an April 14, 1962, Pass 920 919 shows England, Seatland.
andd Treland, and a part of the French o Belgian eoasis,
Local London time was 1:20 p..

The envious and puzzling featore s that Faglind sl
Scotlund wre sharply delineated by afternoon cmnuolus

clonds, while leeland is only dimis seen becanse the
cloudiness is o poorly developed thet it is Jost in the
wross resolntioe of TV sean lines. The sharp clond
dizcontinmities 2t the English coast indieate the cumuli
were produced by the warm land - but why is only
Enelund <o Favored?

Aftarnoon Cumuli Puzzle 29




PICTURE OF THE MONTH
(September 1965)

This photograph, leaking soutawestward across Cape Kenned v,
central Florida, and the Gnlf o Mexico, is ane of wany ontstanding
pictures taken hy nstronaues James MeDivitt and Fdward White
during the Gemini-4 spueeflight, 1t i< the first phatograph to
appear in the “Pieture of the Month” series that is not a television
photograph.  The picture was initially recorded on 7thmm. eolor
film; thix 1. ack-and-white repraduetien, although  remarkably
detailed, does not do justice to the original versian.

The photograph was taken at 1250 kst, Juue 5. 1965, Daytime
convective elondiness is concentrated over the land area of central
Florida, with the water areas of the Atlautic and Gulf relatively
cloud-free.  Over Florida n light eisterly flow existed at afl levels

bedow 500 wh., and there is a ight. tendency for the cimnulux
clouds to be aligied in east-west rows, ronghly paradiel to the flaw.
Flwe farge “hole’ in the elonds ot kft center i in the vieinity of
Lake Okeechabee: at right center the indentation along the Flarida
west eoast i near Tampa Bay.  Toward the upper left, lines of
ermnli mark the Florida K id western Cnba, At the exireme
npper keft, near the horizon, is a enmmulonimbns elond with anvil
top shearing off toward the sontheast.

The alttude of the Gemini-4 spaeveraft at pieture thme was
approximately 180 km. Cape Keunedy, whieh appears in the
foregronud, is uearly 200 mi. distant from the  cawera. Lake
Okerehober aud Taupa Bay are abont 300 mi. distant,

Gemini Picture, Convection over Florida
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PICTURE OF THE MONTH
(January 1965)

This TIROS VII photogiuph (pass 6938-direct, cnmern
2, frame 3) shows part of n large nren of stratocumulus
over the enstern North Pacific Ocenn, including n remark-
able break or rift iv the otherwise nearly uniform eloud
mass. The photograph was taken on September 30,
1964, at 1747 vt and v-as received at Point Mugu, Culif.,
via direct rendout. North is indieated by the nrrow.

No obvicus explanation exists for the curious rift in
the elouds, but mesoscale gradients of sen-surfuce tem-
perature may be partially respousible.  Theift is locuted
near iatitude 27° N., and it extends enst-west from about
125° W. to 132° W.—a distunce of over 300 n. mi. The

entire uren pictured is several hundred miles southwest of
Californin and thus is fmr from any lind. Surface
syhoptie maps showed the region to be in the southenstern
sector of n large enstern Pacific anticyclone, with the few
ships in the vicinity teporting north to northenst winds
of 10 to 20 kt. and skies overeast or nenrly overcast by
strtocumulus elouds.

At the time of this photogrnph TIROS VII was in its
470th day of operation, far surpussing the record of any
of the previous TIROS satellites. The picture quality
continued to be good, showing little if any notieeable
degradation.

Area of Stratocumulus with Unexplained Rift
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FICTURE OF THE MONTH
(Febroary 1565)

Muany =atellite photographs have revealed extensive
arens of celhilar stratocmuntus, bnt few have shown snch
n strikingly regulae pattern as that seen here.  This
Nimbus 1 AVCS photograph was taken over the snb-
tropical eastern North Pacific at 1939 cur, September 6,
1964, and was received at Gilmore Creek, Aluska, via
tape wode.  North is indicated hy the arrow.

The overall uppearance strongly resemhles certain
patterus of lahoratory-produced Bénavd convection eells.
ltowever, the horizontal dinmeters of individual elemernts
in this picture average approximately 20 statute wmiles,
with a general incrense in size from vight to left. 1t is
believed that the more highly reflective portions of
individual elements correspond to thicker clonds and
upward motion and that the darker portions represent
thinner clouds and downward mation. Tt is also helieved

that the highly regular pattern with no visihle strenkiness
is evidence of very small vertical wind shear through the
clond layer, but the lack «f corroborative duta makes
this nucertuin.  There is, however, a slight tendency for
the cells near the center of the picture to he aligued in
north-sonth raws.  The surface analysis for 1500 cur,
Septewber 6, showed the nvea to be near the southeastern
peripkery of a hwge anticyclone and experiencing light
north-to-northesst winds.

The photograph was taken looking almost vertically
dowaward from aun altitude of 464 statute miles. The
picture center is al approximately 20° N., 122° W,
roughly 650 statute miles south-southeast of Los Angeles,
Calif.  Each side of the photograph represents about
200 miles in length.

Area of Cellular Stratocumulus
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5. FOG AND /OR STRATUS FEATURES




PICTURE OF THE MONTH
(October 1965)

TIROS IX, Pass 835/834, Camera 2, Frame 4, 1028 omT, April 1, 1965.

Snow-covered terrain, foggy ocean, and mountain-wave
clouds are distinctly separated and clearly visible in this
TIROS IX photograph, which is centered over suuthern
Norway. The satellite altitude at picture time was ap-
proximately 795 kin., not fur from perigee. North is
indicated by the arrow. The photograph was taken on
April 1, 1965—the 5th anniversary of the launch of
TIROS 1.

The surface synoptic analysis for 1200 emT, April 1,
showed a moderately large anticyclone (1034 mb.) centered
over the North Sea, accompanied by generally light winds.
Fog and low stratus cover nearly all of the North Sea
but very little of the adjacent land areas. The stratus
extends northward into the Norwegian Sea and westward
and southwestward to the British Isles. At the left of
the picture, toward the horizon, a portion of the east coast
of Britain is delineated rather well by the fog.

The snow-covered mountains and dark fjords of south-
ern Norway are plainly visible, under clear or nearly clear
skies. It is believed that low-level air drainage from the
elevated interior kept the sea fog and stratus away from
the immediate vicinity of the Norwegian coasi.

At 500 mb., the anticyclone was displaced southwest-
ward to the English Channel, with a strong northwesterly
flow across the major mountain ranges of Scandinavia.
Lee-vave clouds, located over central Sweden, are visible
toward the right of the photograph. These clouds prob-
ably are at middle-tropospheric levels; the wavelength
averages approximately 14 km.

The whitish arca at bottom center of the photograph is
specular reflection from the surface of the soutl ern Baltie
Sea. Little or no cloudiness exists over that region.

Ocean Fog, North Sea
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PICTURE OF THE MONTIH
(March 1967)

Radiation fog in valleys is easily ‘dentified in satellite
photographs by .ts unique appearance. The wupper
surfaee appears uniformly white and smooth in texture.
The periphery of the overcast usnally is quite well defined.
Fog lying in mountain valleys often has an irregular
appearaice whieh ean Le campared to a eontour line on a
topographic ehart. This oceurs becanse the top of the

fog layer i nsually nniform in height and fills the valley

in much the same way that water fills a depression.
The ESSA 3 photomasaie in fignre 1 shows muny of the

valleys of the western United Stutes filled with fog.

13

Y

Proune L JXSSA 3 photomosaic.

Shaded areas on the topographic map in figure 2 eorre-
spond to the three inajor regions indicated by R on the
satellite photograph. At the time these data were
aequired a large surface High dominated the southwestern
United States. This system had been stationary over
the region for abont ten days. Tbe mnost prominent fog
area lies between the Coastal Range and the Sierra
Nevada, stretching from the northern tip of the Sacra-
mento Valley to the southern end of the San Joaguin
Valley. An arm of fog also extends westward along the
lower Sacramento River und covers most of the San
Francisco Bay aren.

Passes 984-0983, 1940-2134 M7, December 19, 1966,

Radiation Fog in Valleys
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Frav e 2.-—Topographic map of seetion of western United States with major fog areas stiown ou figure 1 denoted by stipphing.  Map o
1959, Jeppesen Co. Denver, Colo.

Valley fog in northwestern Nevada covers most of the
Desert Valley, Black Rock and Smoke Creek Deserts, nnd
the nrea around Carson Sink. Higher groend ringing
this fog aren includes the Santn Rosa and Humboldt
Ruanges and the Stillwater Mountains on the east, and the
Pine Forest Range and Virginia Mountains on the west,
Fog in western Utah covers most of the Great Salt Lake
Desert and Sevier Desert.  Several of the higher monn-

tnin penks and ranges protrude through the fog laver,
appearing ns durk spots or holes in the overeast,

Another featnre of interest i figure 1 is the cold fronml
cloud band along points 8, P, Q. The vorthern edge of
the high-level clond shickl 1~ quite <harp and  casts n
shadow on the lower anderlving elond fickd from Van-

conver [sbid 1o paint F
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PICTURE OF THE MONTH
(December 1964)

This TIROS V photogeaph :Yiows a remarkable large-
scale band of up-stope stratns and frontal cloudiness jnst
east of the Rocky Monntnins, The photograph was
taken on December 11, 1962, ut 1832 cur (pass 2312,
camera 1, frame 8) nnd was received at Painl Mgy, Calif.
via direct readout. The ceuter-cvoss fidneial mark is
located approximutely 80 mi. novtheast. of Albnquerque,
N. Mex. near the crest of the Rockies.  North is toward
the top of the picture.

At the time of this photogruph a recent snrge of Aretie
air had invaded the Great Plaums. Midday snrface
temperatures over Kunsns were in the teens, whereas
over the western portions of Wyoming, Colorado, and
New Mexico they were in the 3tVs nnd low 4t's. The
quasi-stationary front sepurnting the two air masses lny

north-som b alang the enstern slope of the Rockies, nearly
coincident with the wellalefined western edge of the
cloud band. At the western edge, the clondiness was
tow steatiform, lifting and thinning out eastwavd, nnd
becoming broken middle and npper layers over Kansas
and Oklahoma (northeastern ¢quadrant of pholograph).

The snow-covered higher elevations of the Colorado
Rockies appear north and northwest of the center-cross
fichneial anark,  llowever, skies in that area were not
completely clear; gronnd abservers were reporting variable
amonits of thin cirrns, largely invisible i this photo-
graph.  Thicker cirrus does appear toward the sonthwest
cortier,

The slightly infevior quality of the lower hall of the
picture is due to eleetronie “noise.

Up-Slope Stratus, East of Rocky Mountains
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6. ICE AND /OR SNOW FEATURES
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PICTURE OF THE MONTH
(February 1963)

The pictures shown here illustvate how satellite ploto-
gruphs, even of poor resolution, might be nsed for snow
survey in remote, data sparse, regions. The while areas
in the foreground ure a wisture of snow and clonds, hut
the dendritic pattern that is especially alear near the
arrow is the typical forin of snow on rugged terruin
that can’ be distinguished from clond cover. The durk
wreas near the picture eenters are cansed by the rugeed
terrain nt the western end of the Tyan Shaun (Tien Shan)
Range, north of the Himalayan Mountains, which might
be expected to be snow ecovered, but nt n glance the
large snow-free areus can be seen contrasted with the
snow. Esnmination of similmr pictnres on succeeding

duys would enable one to determine how mueh has
changed (presumably the cloud cover) and how much has
remained constant (possibly snow cover).

These pictures were tuken 30 seconds apart about 0500
amT, September 26, 1962 by TIROS VI when it was
abont 150 miles cast of Tnshkent, eapital of Uzbekistan,
USSR, viewing westward. In the background is the
Aril Sea and nearly on the horizon the darker streak is
the Caspinn Sea. The desert nreas between the camern
und the Aral and between the Caspian and the Aral
Sens show up as light-colored terrain (lack of vegetation)
and are emphasized by cloudless skies.

Dendritic Snow Pattemn
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PICTURE OF THE MONTH
(March 1965)

Arctic snow und ice over some of the land nreas west
of Greenland and low-level chimd over the interveming
water are clemly visible in this Nimbus 1T AVCS photo-
graph tnken on September 16, 1964, nt 1537 amr from
an altitude of 462 kni.  The center-cross fiducinl nnrk is
locuted over Launcenster Sound near 74.5° N., 85° W,
Most of Devon Island is visible in the upper portion of
the picture, and the peninsulus of rworthwestern Baffin
T<land nppenr in the lower portion.  North is indiented
by the nrrow on Devon Islund.

The surfuce synoptic mmalysis for 1200 cur, September
16, showed a loge antieyelone (1034 mb.) centered near
the North Pole, with o general easterly flow in the lower
levels over the pictnred aren. Temperatnres were near
freezing. The low-level cloudiness uppears to be stream-
ing westward from Buffin Buy neross Laneaster Sound,
voughly parallel to the geostrophic flow. A relutively
smull amount of ice is believed to have existed in this
water ut the time of the picture.

Arctic Snowand lce
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PICTURE OF THE MONTH
(July 1964)

This TIROS V photograph of the area avomnl the Galf
of Aluska (pase 3403/3403, camera 1, frame 7) was taken
on February 11, 1963, at 2159 oMt und was received
at Wallops Istand, Va,, via tape mode.  Loceal Alaskan
tine was approximately noon.  The Kenni Peninsula hes
just to the left of the center-cross fidacinl mark, and
Kodink Islaud is near the lower left fiducial mark.

The sno v-covered bigher elevations of the Kenai Penin-
sulun and southern Aluska are clearly visible in this photo-
graph.  However, the skies were net completely clear at
the time; many surface land stations in the area were
reporting varinble amounts of altoeunimlus and civens

clouds.  The heavily-forested lnwer elevations surround-
ing Cook Inlet, which is just west of the Kenni Peniusula,
also are visible and appear as an intermedinte shade of
erny.  Cook Inlet itself is very dark.

At the time of this photograph there was a general
offshore flow in the lower troposphere, und the water
arens near the const appear dark and relatively clond-free.
The cloudiness increases southward over the Gulf of
Alaska and is believed to be mainly in the low levels over
that region. Toward the southeastern corner of the
picture the clowliness nppears quite thick and perhaps
is multi-layered.

Snow Cover Around Gulf of Alaska
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PICTURE OF THE MONTH
(September 1963)

This unusually elear TIROS V1 photograph of the area
around the Gulf of St. Lawrence (pass 325> frame 6) was
taken on April 29, 1963, at 1223 ¢y, and was reecived at
Wallops Station vin direct readout. North is reughly
toward the top of the picture.

Although it is rather Iate in the senson much of the
very white areas in this picture ave snaw and ice. In
particular, the Stea™ of Belle Isle, between Newlonndbnd
and Labrador, ba' cesiderabie ice, as do the northern
and easters; shores of Prince Edwant Tsland.  Both snow

and clouds probably contribute to the whitish appearance
of Newfoundland. The two white spots near the centers
of Anticosti Istand and the Gaspé Peninsula, respectively,
are believed to be snow-covered fire burns.

The small Magdalen Tslands. just northenst of Prince
Edward Island, alse show np in this pictnre, This is
believed ta be the first time that these islands have been
noticeably visible in a TIROS photograph, their visibility
in this ense heing enhaneed by share ice.

Ice in the G lf of St. Lawrence
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PICTURE OF THE MONTH
(May 1967)

FRANCES C. PARMENTER
National Environmentat Soteliite Cenler, ESSA, Washington. D.C.

Aretie pack ice, ice floes, and sea ice fragments oiten
can be seen clearly in satellite pictures. Satellite phato-
graphs often show ice furmations with accampanying or
adjacent cloudiness. The TIROS VIII photograph
shown herc ts sueh a ease.

This photograph shows an ice pack off Baffin Island.
Its edge in the Davis Strait is marked hy (*. The dark
areas to the east of paints 1) and E are shore leads formed
along the coast of Baffin Island hy aff-shore winds and
tidal Huctuations.

The clouds phatographed i this pass, in the aren sur-
rounding F, lie over the Davis Strait.  These cumuliforin

clouds formed as cold air moved frum the snow covered
land and the pack ice to the warm waters of the Strait.
The northwesterly flow is reflected in the handeduess of
the clond field. Of interest is the increase in size and
development of the cumalus bands in the area south of
60° N. aud between 50° and 60° W. In this area, to the
enst of the Labradar Current, the ocean is warmed by the
Inniuger Cwrrent, a branch of the Gulf Stream.
Greenlund appears at the right side of the picture. The
easterly ow off the continent las yrc luced a eloud-free
aren, west of G and a brighter anud kroader, north-south
cloud band, H-H’, where it mneets the northwesterly flow.

Figure 1.-—TIROS VIII, pass 976/975, CL. Fr B3, 1601 om1, February 26, 1964,

Arcti Pack lee off Raffin Island
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PICTURE OF TVE MONTH
{(June 1985)

Iceland ix clearly visible in this TIROS TX photograph
(puss 715714, camern 2, frume 2) taken on Nurch 22,
1965, at 1205 unT und received ut Gilmore Creek, Alaska,
via tape mode.  The satellite altitirde at picture time vas
approximately 728 kni., very near the perigee of the highly
elliptical orbit.  North i~ indieated by the arrow.

The ~urince synoptic anadysis for 1200 gur showed &
large ridge of high pressure and generally fair and cold
weather over the Greenland-Feeland area. with a northerly
flow of Arctic air over the region east of leeland.  Siurface
temperatures at four leelandie stations ranged from 9° to
25° I,

The large whitish area (A) north and northwest of
Iceland represents mainly an extensive and heavy con-
centration of sea ice. Some cloudiness (but not overeast)
is believed to exist over that region. In the darker area
(B) witliin 50-100 miles of the coast, nureh smaller
coneentrations of sen ice were reported (generally less than
3o ecvernge). Iceland itself (C) appears almost com-
pletely snow-eovered and is also very nearly cloud-free.
To the east and northeast, an extensive region of con-
vective clondiness (D) appears within the northerly flow
of cold Arctic air. Many parallel lines of cumuliform
elements are discernible. A solid band of frontai elondi-
ness (E) marks the southern limit of the Arctie air.

Snow-Covered Iceland and Sea Ice
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PICTURE OF THE MONTH
(August 1964)

(a) Pass 30144114, Can
-

), frame 1, 0134 cxr, Jannary 16, 1964,

(¢} Pass 4500/4503, Camera 2, frame 30, 0042 ayr, April 19, 1964,

Tlese four TIROS VH photographs show tle snow.
covered Kawchatkn Peninsula on different duys under
relatively elear conditions.  The comparatively dark area
near the center of the peninsula is a low-lyving valley.
Mountain ranges lie on either side i the dark area, ronghly
parallel to the coasts; that these appear as relatively
brighter topographic featares is presnmably due to the
greater snow depth and lesser vegetation at the lhigler
elevations.

Differences in the over-water clondiuess are apparent.
The clear zenes paralleling the «west coust in (u) and (d)
ocenrred with light northeasterly flow in the lower levels.
Downslope motion away from the elevated interior would
accompany such flow.  Convective cloudiness appenrs
farther offshore. Still farther offsliore. in each picture,

(b) Pass 43784472, Camern 1, frame 20, 0402 oy, April 10, Y96),

(d) Pass 4524/4518, Cinern 2, frame 2%, 0104 axr, April 20, 1064,

there appears to be at least one small eddy.

I (b) there is a narrow band of clond lying porallel to
the west coust aud just offshore, while farther offshore the
skies are clear.  This unexplained feature coexisted with
wenk winds and a surface ridge of high pressme oriented
north-sonth over the same area, The clonds considerably
west of the peninsula appenr to be bads and strenmers of
cirrus, oriented nortli-northwest—sonth-southeust.

The heavy elendiness sonth of Kanschatka in (d) was
associated with a deepening cyclone, the center of which
lay just ontside the pictured area. The northern fringes
of this middle or higher elondiness are relatively thinner
and are partially transparent. The snow-covered islunds
lying imntediately sonth of the peninsula are not vhseured
by these cloads.

Snow-Covered Kamchatka Peninsula
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PICTURE OF THE MONTH
(October 1964)

Frame 29

Frame 27

Refleetion patterns near Cyprus.  Arrows indientie the same smooth sea aren on 1wo pictures, bright on 29 and dark on 28.

TIROS Vill pictures of the eastern Mediterrancan Sea,
taken at 1010 M1 June 23, 1963 oi1 pass 059, were read oat
at Point Mngu, Calif. on pass 060. The dark vegetated
highlund= of ('yprus contrast with the surrounding arnd
lowlands.  Similarly the vegetated Nile Delta is dark
comparcd to the adjoining desert.

Cloud observations at 0600 and 1200 Mt show clear to
scattered cumuli over Turkey and Cyprus. No ship
reports were available to indicate the cloudiness over the
open sca but the piciures give no hini of elonds except
the few over land.  The pressure field should have pro-
duced light northerly winds, but the directions reported
at land stations were varishle, indieating loeal influences.

An extensive diffase sun glint refleetion (romn the rough-
ened sea surface contrasts sharply with irregular dark
water areas. The dark areas south of Turkey on fraine 28
and south of Cyprus on frame 27 indicate irregular regions
where the sea surfaee was relatively smooth, while the
brighter area farther to the south of Cyprus on frame 27
indicates that the sea surface was iore roughened.  This

explanation, invoking reflection from a sea of varying
roughness, is confirmed hy comparison of the area indi-
~uted hy arrows on frames 258 and 29. The very hright
areas on frame 29 south of Turkey appear us a dark region
on frame 28, The hrightiess is due to speeular reflection
frora a smooth region at the instant of proper angular
relations between satellite »nd sun. As the satellite
moved towsrd the southeast (frames 28 aod 27, in that
order) the smooth srrince did not eontribute to the diffuse
sun glint as did th. roughened sea snrface.

The pictures therefore indicate that the sea sarfaee had
irregular areas with shurp houndaries in which the surlace
was rather smooth. Two poessible reasons may be ad-
vanced. First, the wind field may have had irregular
mesoscale distribution with fauly sharp boundaries which
produced corresponding sea-surfaec irreguinvities.  Alter-
natively, the water surfaee may have eontained organie or
inorganie substances which ehanged the surface properties
of the water so that oven with a uniform light wind, some
sea-surfuee nreas remuined smoother than others.

Sun Glint and a Roughened Sea Surface
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PICTURE OF THE MONTH
(December 1965)

(a) Pass 1037/1038, Camera 2, frame 10, 1657 our.

These TIROS IV phutographis of the eastern Great Lakes Region
show some remarkable variations in solar reflectivity over Lake
Erie.* The photographs wer: taken only 30 sec. apart, shortly
before local noon on April 21, 1962. Ccrtain portions of the lake
shore which are almost invisible are delineat.i by dotted lines.
irthis indieated by the arrows.

The su:“see synoptic analysis for 1800 amr, April 21, showed a
polar antieyelvne (1029 mb.) centered over the Carolinas, with a
southwesterly return flow over the pietured region, averaging 10 to
20 kt. Thiek, mortly middle-level eloudiness, associated with an
approaching warm front, had advanced as far eastward as Michigan
and Indiana (left portion of (a)), but generally clear skies or thin
seattered-to-broken eirrus elouds existed over the immediate vieinity
of Lakes Erie and Ontario. Surface air tcmperatures arby
stations had risen rapidly into the 50's and low 60's (°F.)  _.r early
morning minimuins of near freezing.

In (a) much of the brightness of Lake Erie is due to specular
reflection which is centered near the aouthern shore of that lake. A
small lake in northern Ohio also appears very bright. Lesser, diffuse
- ~fleetivity is visible over Lake St. Clair to the north and even over
the southern:most portion of Lake Huron.

In (b), taken 20 sec. later, the proper angular relationship between
saiellite and sun no longer existed, and the inteuse spceular refleetion
from Lake Erie is not present. Ilowever, some peeuliar brightncss
differences which also exist in (a) arc still noticeable in (b). Any

(b) Pass 1037/1036, Camera 2, frame 9, 1658 axr.

or al! of the conditions set forth in the following three hypotheses
may have eontributed to these brightness variations. (1) is
believed probable; (2) and (3) are thought to be less likely
possibilities:

(1) In (b) the lighter gray areas of Lake Erie may represent
patches of semi-transparent eirrus clouds. These arc not as notice-
able in (a) because of the co-existing speeular reflection;

(2) Over the eastern half of Luke Erie, the lighter gray areas may
represent diffuse reflection from wind-roughened water, with the
dark, rather sharp-edged areas near the southeastern shore eor-
responding to areas of essentially no reflcction from smooth water,
The latter might eo-cxist with great thermal stability in the lowcest
atmospheric layer. Aided by underlying eold water, thesc areas of
stability (if they existed) had persisted from early morning and had
not yet been wiped out by insolation and vertieal mixing. Such
stability would inhibit surface wind stress and thus weuld favor a
smooth water surface having no diffuse refleetion;

(2 Organic or inorganie pollutants (e.g., oil slicks) may have
altered the refleetive properties of eertain portions of the lake.

Two small bright spots near the southern end of Georgian Bay
(east of Lake Huron) and at the extreme eastern end of Lake Erie,
respeetively, arc visible in both photographs. These vepreser:
remaining patehes of ice.

*Also, see ““Plcture of the Monlh,” October 1964.

Variations in Solar Reflectivity over Lake Erie
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PICTURE OF THE MONTH
(June 1966)

(a) Frame 22, 1321 1/2 oM

(¢) Frame 18, 123 1/2 eMT

The sometimes highly v riahle appearance of specular reilection
is well illustrated in these TIROS VI photographs (Pass 806/S053)
Camera 1, November 12, 1962, The phiotographs were tuken at one-
minute intervals as the satellite passed northeastward over the
tropical North Atlantic Ocvean (approximately 5°-23° N.J). A few
cloud feacures or arcus that appear in snecessive photos are identi-
fied by the letters; w, x, y, 2.

The large area of diffused brightuess ucar the center of picture
() gives way to a smaller, much brighter reltective spot in (b),
which in turn becomes an irregular area in (¢), and linally a very
large area of diffused reflectivity in the lower left quadran? of (d).

(d) Frame 16, 1324 1/2 gur

It is believed that the concentrated reflectivity in (b) reanlted from
a localty smooth sen surface and little or no wind; however, ship
reports were too aparse to verify this belief.  Without the aid of
adjoining photos the “ellective spot in (b} eould be mistaken for a
bright clowd mnass.

In picture (¢} the Jdark area immediatety to the left of the speculal
refleetion may have resulted either from a locally amooth sea (giving
very little diffuse reflection) or from a possible change in the re-
flective propertics of the sea surface. Such a change might, for
example, be caused hy organic material in the sea,

ltighly Variable Appearance of Specular Reflection
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PICTURE OF THE MONTH
(May 1965)

This large-scale view of North Africa and the Mediter-
ranean area was photographed by TIROS IX (pass
232/231, cameras 1 and 2, frames 5) on February 10, 1965,
at 1218 emr. The pictures were received at Gilmore
Creek, Alaska, via tape mode. The unusually broad
view was obtained because the satellite was at a high
altitvde in its elliptical orbit (1,130 statute miles), and
because the combined angular view of the two cameras,
canted in opposite directions, is greater than that ob-
tainable from previous TIROS satellites.

The extensive east-west zone of clouds over the Mediter-
ranean is associated with a complex cyclonic system.
The apparent vortex centered near 39° N., 12° E. cor-
responds closely to the position of a cold-core cyclone
at 500 mb. The vortex cloudiness is believed to be mostly

at low and middle levels and is accentuated by orographic
uplift across the mountains of northern Algeria.

The streak of cloud lying ENE-WSW across Libya is
believed to be cirrus, perhaps associated with a jet
stream.

The eastern and western horizons are separated by more
than 70° of longitude. Along 27° N., the Persian Gulf
is visible near the eastern horizon, and a portion of the
West African coast appears near the western horizon.
Other landmarks include the Red Sea, the Nile River,
and much of the southern Mediterranean coastline.
Many topographic features are visible in North Africa.
The dark spot near 27° N., 17° E. is an elevated region
of basalt—the so-called “black mountains”, or Haruj el
Aswad. The larger dark area near 21° N., 18° E. is also
an elevated region with some peaks above 10,000 ft.

North Africa and the Mediterranean Sea
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PICTURE OF THE MONTH
(February 1966)

(a) TIROS VIii, Pass 1195-direct. Camera 1, frame
2, 2120 ¢uT, March 12, 1964.

(b} TIROS VII, Pass 423v/4736. Camera 2, frame
2, 2303 aMT, Mareh 31, 1084,

{¢) TIROS VI, Pass 7680/7680. Camera 2, fran.e
1, 2200 oMT, November 19, 1964.

These photographs show southwestern Alaska and the eastern
Aleutians on four widely separated days nuder relatively clear
eonditions. However, no large area of completely cloud-free skies
exists within any of the photogruphs, except for tue region around
Kodiak Island and southwestern Alaska in (1) and the region
aroind Nunivak Isiand and western Alaska in (d) (near top).

The snow-covered land niass of southwestern Alaska is remarkably
well defined in all four pictures.  Fu (a) and () a large area of
Bering Sen ice also is visille. Surfacr air temperatures were par-
ticularly low at the time of photograph (d), near 0° F. at 8t. Paul's
Island (57° N, 170° W., ncar the cdge of the ice pack) and far
below zero in interior Alaska.

(d) TIROS IX, Pass 316/309. Camera 2, frame 1,
2324 omT, February 16, 1965.

Low clonds banked heavily against the northern siopes of the
eastern Aleutians and the Alaska Peninsula in (b) and (c), and to
a lesser extent in (d), under the influence of moderate X or NW
flows. Lee clearing is pronouneed. The remarkable ehain of
downstream eddies visible in () appears to emanate from the
vicinity of mountainous Unimal Island.

Cloud-free TIROS photographs of southweste:  Alaska aud the
Aleutians ace relatively uncommon because of exvessive elovdiness
in summer and darkness in winter. Photograph (¢) was taken
in late November when cven at midday the solar elevation ‘s
quite low.

Southwestern Alaska and Eastern Aleutians
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PICTURE OF THE MONTH
(March 1066)

i
1
i
|
!
(a) TIROS IV, Pass 751-direct, Camera 2, frame 6, April 1, 1962. (1) TIROS IV, Pass 1020-direct, Camera 2, frame 15, April 20,
2020 GMT. 1962, 1403 cMT.
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(¢) TIROS VIII, Pass 1094/1093 Camera 1, frame 26, March 5, (d) TIROS VII, Pass 4602/4601, Camera 1, frame 23, April 25,
1964, 1933 amr. 1964, 1551 amr.

These photographs of the western Great Lakes Region ice, snow cover, and land- and water-nased conveetive
were taken on different duys during late winter and spring.  clouds are apparent.
(b) and (d) show the region under almost completely In (b) cousiderable ice is visible along the south shore
clear skies; (a) (c) contain considerable cloudiness but  of Lake Superior, witl lesser amounts in bays along the
with mueh of the lakes stitt visible. Differences in shore north shore and in Green Bay (northwest of Lake Michi-

Western Great Lakes, Late Winter and Spring 52
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gan). Lake Nipigon and numerous smaller Canndian
Lakes are covered with ice and snow. Forested snow-
covered regions in Canada appenr us nu intermediate
shade of gray. Photograph (a) reveals a similnr and more
extensive lake-ice distribution, less veadily npparent
because of co-existing land-based convective clondiness.
Multi-layered clouds exist toward the sonthenst corner
of (a).

The greater amount of ice in (a) and (b), as compared
with (¢) and (d). probably reflected the colder 1962
winter in that area

Water-based convective clouds are visible in (c),
beginning near the center of Lake Superior and extending
in narrow parallel rows to the south shore. At that time
a deep cyclone (976 mb.) was centered over southwestern
Quebec, just exst of the pictured area, and Lake Superior
lay beneath a northerly flow of very cold air (middsy
temperatures far below freezing). Wisconsin was largely
cloud-free Lut with a lieavy snow cover bordering the
western shore of Lake Miclhignn. Dense clouds obscure
Lower Michigan and the eastern shore of Lake Michigan.
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PICTURE OF THE MONTH
(June 1963)

This TIROS V photograph of the Great Lakes area
was taken at 2037 omr, June 20, 1962, and was received
at Wallops Station, Va., on Pass No. 019 via direct
readout (camera 1, frame 4). Local mean solar time at
Chicago was approximately 2:45 p.m. Partial outlines of
the lake shores and the state boundaries have been added
to facilitate location. C'HI=Chicago and SSM==Sault
Ste. Marie.

The unusually complicated cloud pattern is not wholly
explained, but is doubtless the result of several influenees.
Winds over lower Michigan and Indiana at the surface
and 850-mb. levels were generally N or NNW at this
time, and a pronouneed crescent-shaped clear aren appenrs
inunediately to the lee of the relatively cold water of
Lake Michigan. This clear crescent has its greatest

width in the region near South Bend, Ind. Elsewhere
over Jower Michigan and indiana afternoon cuwulus
elo.«ds predominate,

Superimpesed on this convective pattert are the effects
of a weuak .old front which lies ENE-WSW across lower
Miehiga's aud southern Lake Miehigan, and thenee west-
ward across extreme worthern Iffinois. Cuwulonimbus
elouds are reported along the front east of Muskegan and
west of Chicago. The whitish appearance of much of
Lake Michigan is believed to be due to low stratus along
the front and in the eooler air behind it, but it could also
be due partly to specular reflection. In eontrast, Lake
Huvon appenvs dark and ahnost completely cloud free.

The bright trinngular pateh near Green Bay, Wis,, is a
deuse mass of stratocumulus eloud.

Complicated Cloud Pattern, Great Lakes




PICTURE OF THE MONTH
(July 1966)

{a) Pass 3039/3038, Camera 1, frame 6, 1637 M, January 30, 1966.

(c) Pass 3053/3052, Camera 1, frame 9, 1605 omT, January 31, 1968.

These TIROS-X photographs were taken on January 30-3i and
February 1, 1968, during a period of severe w.nter weather over the
eastern United States. On January 30 ({1} and (b)) extremely cold
air was streaming eastward and southward over the southenatern
Statez and the Gulf of Mexico (coastlines arc added). Intense
low-ievei convection was occurring over the Gulf, visible ns very
narrow parallel cloud lines beginning near the northern shore, and
becoming much larger convective clements over the southern
Gulf (lower left of (b)). Land areas appear largely elenr, and o
heavy snow cover is visible in (n) from the mid-Mlssissippi Valley
eastward.

{b) Pass 3039/3038, Crmera 1, frame 7, 1936 ouT, January 30, 1966.

(d) Pas, : 967-direct, Cnmera 1, frame 5, 1538 owmT,
Febrnary 1, 1966.

On January 31 (¢) coid air continued to dominate Florida and
the adjacent Atlantle, with much convection again visible over the
Atlantic. Morning minimum temperatures over northern Florida
were far below freezing.

On February 1 (d) the middle Atlantic States appear under a
deep snow cover—that area was still iargely immobllized from the
effects of the blizzard of two days earlier. The coastline from
Chesapenke Bay to Long Island is highiy visible. A band of warm
frontal cloudiness obscurcs the Carolinas and extends westward
beyond the picturc into yet another snowstorm over the Ohio
Valley.

Severe Winter Weather over Eastern U. §.
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PICTURE OF THE MONTH
{October-December 1963}

L. F. HUBERT
National Weatker Satellite Cenler, U S. Weather Burequ, Wustungton, D.C

{Matwscrt received July 17, 19€3}

The Monthly Weather Review series “Picture of the
Moutl” is contivued here ns n contribution in memory of
Dr. Harry Wexler. The picture (fig. 1) chosen for this
issue is particularly approprinte. It displays the sort of
unsolved problem thut nlways stimulated Dr. Wexler-- the
problem of nir-sen intermetion and the endless compli-
eations of ntmospherie Ly diodynnmics.

This TIRGS V' two-finnie wosaic (puss G32/031, frames
24 and 26; shows the region around the Conary Islands,

CANARY IS.

.

Mudeira Islands, nnd a snll portion of northwestern
Afrien. 1t was taken nt about 1650 ¢uT, June 21, 1062,
nind rend out nt Waliops Station.  Frame number 26 was
published earlier by Hubert nnd Eruger [1] to illustente
siell-seale eddies downstrenm froms Madeira Island, which
cun be seen in the upper left.  The principal nren pictured
here is the Cumry 1slands which extend neross the middle
of the picture, part of Afrien, and the Atlantic Ocean about
150 n. mi. south of the Canaries.  The clouds north of the

FiorrE 1.—A two-picture mosaic, frames 24 and 26 from TIROS V, pass 021/032, Camern t, taken at t650 eut, June 21, 1962, North
is toward the top of the picture.  Stratus and stratocnmulus clonds benesth a low inversion terntinate along the Canary Islands
chain, A smaller clear arca 8 also produced downwind from Mmlvirx; Island.

Air-Sea Interaction and Island E ffects

Badat s s

Lt o A e s, . i et

PPV Iy ST




e

Fioune 2.—Mean sea surface isotherms (°F.) for June in the
Madeira—Canary Island region, prepared from data and analysis
furnished by the Oceanographic Data Center, Washington, D.C.

Canary Islands are stratus and stratocumulus. Their
marked discontinuity at the islands reflects a strong ther-
mal andfor dynamic mechanisin because north to north-
east winds were blowirg across the cloud edge.

Climatologically, this region is one of relatively cool
water and Jow-lying stratocumulus clouds topped by a
pronounced temperature inversion. On this particular
day, the 1200 amt sounding at Funchal, Madeira, and
the 0000 aut sounding at St. ('ruztenri, Canary Islands,
both revealed an inversion of 3°(’. near the 950-mb. level.
No detailed synoptic oceanographic data are available
but mean monthly temipcratures reveal somne interesting
aspects.

Figure 2 shows the mecan sea surface temperatures for
June, prepared fromn data and znalysis provided by the
staff of the National Oceanographic Data Center, Wash-
ington, D.C. The pronounced warm center just north-
west of the ('anaries tempts one to hypothesize cloud
generation duc to heating from the sea surface when
northerly flow moves the air toward wariner water, and
clearing when the gradient is reversed. This model has
some difficulties however.

First, the lack of heating from below or even the com-
mencement of cooling seenis inadequate to account for
the very abrupt cloud evaporation ohserved in figure 1,
in view of the northerly winds which should advect the
cloud deck over cool water.

Second, this effect, in various degrees of d:velopment,
is frequently seen downstream frum islands in this 1ype
of neteorological situation, during months when the m:an
sea surface isotherms show no reversal of gradient.

Against this objection one could argue that daily
isotherms may be quite different from meonthly mean
isotherms. It is therefore possible that the gradient does
reverse when the abrupt clearing occurs.

Clearing sometimes can be seen both downwind and
upwind from islanis in regions where there is frequently
a low and strong inversion. Notice for example, the
clear area around Madeira Island in figure 1. This
suggests a strong obstacle effest of the islands upon airflow
and upon the inversion height, which may be independent
of ocean surface heating or cooling.

Much of the islanid terrain extends above the inversion
80 that air must be deflected mostly in the horizontal
ratier than vertically when the wind flows across the
vegion. It is sugges!.:j that under proper circumstances,
a standing wave in the inversion interface might be
produced in such a wuy that its trough occurs just south
of the islands. The convective condensation level of the
moist air beneath the inversion at both Madeira and the
Canary Islands is just at the inversion base. Therefore
if the inversion sloped downward sharply downstream,
clouds would be dissipated as the winds carried them to
lower levels.

The clear area extends some 150 mi. south of the
islands however. Some mechanism must be invoked to
account for tl is broad cloudless area. A standing wave
in the inversion with its crest beyond the clear region
seems too long. Perhaps cooler ocean waters south of
the islands are a factor tending to suppress cloud
reformation.

" Whatever the complete explanation, it seenis very likely
that the presence of the islands is critical. They repre-
sent significant obstacles to both the oceanic and atmos-
pheric flow, thereby deforming the temperature structure
of both media. The terrain itsell may conprise a heat
source for the atmosphere in a manner that would help
maintain the sharp cloud edge.

Everyone who knew Dr. Wexler can appreciate how
this problem would have whetted the appetite of his
inquiring mind. I would like to point out that, in a way,
ke has bequeathed this fascinating puzzle to us, because
we have been able to recognize it and to define its extent
only with the meteorological satellite, an advancement
80 vigorously sponsored by him.

REFERENCE
1. L. F. Hubert and A. F. Krueger, “Satellite Pictures of Mesoscale

Eddies,"” Monthly Weather Reriew, vol. 90, No. 11, Nov. 1962,
pp. 457-463.
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PICTURE OF THE MONTH
(Acril 1964)

The overall guiding philosophy of the “Picture of the
Month' series is the presentation of outstanding or unusu-
ally puzzling satellite views of meteorological phenonena
and/or pietures of unusunl quality. The current selection,
a TIROS VIII photograph taken by the APT (Automatie
Picture Transmission) camera, represents a slight devia-
tion from that philosophy.

APT bns been avniluble only sinee the Inunching of
TIROS VIIT on Deeember 21, 1963. Early photographs
received by this method were of inferior quality, largely
because of the senltoping und ‘“venetinn biind”’ effects
enused by intemetion between the earth’s magnetie field
and the en'nern’s vidicon sennning beam. At the time of
this pieture (1902 ¢uT, February 16, 1964) the satellite
attitnde was such that these effects were temporarily
niinimized; by comparison with eorlier APF pictures the
improved quolity is readily npparent, despite ibe many

photo and eleetronic transforimtions neeessary to reproduce
this printed ver..on. It is expeeted that future APT
svstems will be ~orreeted to elimuate magnetie effects.

This particular photograph, showing nn extensive area
of stentoeumul s elouds southwest of California, was taken
on pass 832 (fr-ne 2) nnd was reeeived nt the APT pround
station nt Pt. Mugu, Calif., where it was first recorded on
clectrolytic faesimile paper. (Similar APT installations
now exst nt over 40 loeations in the United States and
elsewhere.) Mueh of the California coast also is visible
in the photograph. The operationally-produced latitude-
longitude grid was ndded to the picture after it was received
at the ground.

The eurved line of elouds bounded by the are of reduced
clondiness, extending westward nnd northwestward from
nenr 30° N, 120° W, may have been associat~\ with the
remins of « eold front that moved through southern
Cuhfornia the previous day.

Early APT Picture
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(a) Nimbus APT, Pass 137, 1617 Gur, § otember 6, 1964,

These photographs were taken nlmost simultaneously
by different camera systems of the Nimbus I satelbte.
At the time (near local noon, September 6, 1964), Ninbus
I was passing northward over the eastern United Stnies
at an altitude of approximately 425 statute miles.

Photograph (a) was taken by the APT (Autonmtic
Picture Transinission) camers and was transmitted in-
mediately and simultaneously to several ground receiving
stations which were within range. Photograph (b) was
taken by the high-resolution AVCS (Advanced Vidicon
Camera System) about 1 min. later than (a), and it shows
the area around lakes Erie and Ontario in greater detail.
Photograph (b) was first stored on magnetic tape within
the satellite, was received at the Rosman, N.C., antenna
site on the following orbital pass, and was then imme-
diately transmitted via wide-bund communication link to
the Goddard Spnce Flight Center, Greenbelt, Md.

At the time of these twe photographs, a surface anti-
cyclone (1023 imb.) was centered over Pennsylvania, with
clear or nearly clear rxies over mmuch of the Middle
Atlantic region. Numerous topographic features are
visible in (a), especially in the mountainous nreas of
Pennsylvania and West Virginia, which lie just above and

PICTURE OF THE MONTH
{November 1964)

() Nimbus AVCS, Pass 185/137, Cwnera 2, frame 21, 1618 gur,
Sepromdxer 6, 1964,

to the left of the center-cross fitucial mmark.  Also visible
in (n) nre portions of Lakes Erie und Ontario (near top of

picture), u large area of cumuliform cloudiness east of .

Lake Ontario, and the entire Atlaniic coastline from
Cape Hutiems 10 Cape Cod. The broken cloudiness
east ik south of Cape Hntierns is ussociated with the
remins of n wenk quasi-stationnry frant. In (b) the
cuntuliform nature of the doudiness east of Luke Ontario is
more readily appurent, us are the cirrus bands to the west.

‘Pronounced sun glint in (n) is centered over the waters
of Pemlico and Albernmrle Sounds, just west of Cupe
Hatterns, with lesser reflectivity from nearby waters
northward to Chesapeake Bay.

These pictures from the Nimbus experiment show the
excellent photographic resolution obtained. Cousidering
the faet that both are television pictures, thai (n) was
first recorded nt the ground on facshnile puper, nnd that
several tensformations were necessary to reproduce these
printed versions, the quality is remrkably good.

Dotted lines on (b) are machine-produced Wtitude-
longitude grid lines.  The photograph is reprinted through
conrtesy of the Nationn]l Aeronauties and Space Adminis-
stration.

Nimbus | APT and AVCS Picture Comparison
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{a) Gemini-V, 1025 omT, August 29, 1985,

3 (b) Geminl-V, 1025 aur, Augus’ 26, 1965 (altitude roughly 200

3 km.).

(c) TIROS X, pass 781/790, camera 1, frame 11, 1121 ouT, August
26, 1965 (altitude 769 km.). Rectangle shows approximate
area covered by (a) and (b).

An extremely bright area of specular reflection and & remarkable
spiral eddy in the stratocumulus cloud layer are visible in the
¢ two finely-detailed photographs, (a) and (b), taken by astronauts
L. Gordon Cooper and Charles Conrad, Jr., during the Gemini-V
spaceflight. Each shows an area roughly 100 n. mi. across (and
containing about one-third overlap) along the northwestern African
coast, near Agadir, Morocco. The TIROS X television phatograph
(c), ~svering & much larger srea, was taken only one hour iater.

The very bright area adjacent to the tline in (a) 1s specular
reflection appearing over the water and is completely absent in
the same area of (b) as a result of tho orbital displacement of the
space capsule between piotures. The intense localised reflectivity
probabiy indicates the existence of s smooth sea surface and little
or no wind over that partioular area. The 1200 omr surface
1 synoptic analysi: showed the usual summertime Azores anticyclone,
indicating & moderate northeasterly geostrophio flow along the
constal region. Actual surface reports from scattered atations
showed generally light winds,

The clockwise cioud spiral in (b) might represent s mesoscale
ice eddy induced by the flow around Cape Ghir, just to the north
(visible in (a)). The Atlas mountains, with numerous peaks above
10,000 ft., extend tv within 100 mi, of Cape €3hiz; thiy mnay also
have had some influence. Cross features of the cloud spirai are
discerpibie in the lower-resolution TIROS phetograph, (o).

i — b i
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Numerous fine-quaiity photographs of the earth hae been taken

during manned orbital spaceflights! All were initially recorded
on 70-mm. coior fllm; they wppear much more spesiscular In that
form than in black-and-white.

1 For another view of mesoscals sddice near Africa sss “Plctare of the Month,” Octo-
ber-Decemiber 1963, p. 633,
1 Allso, see " Picture of the Month,” SBoptembur 1983, p. 544,

Gemini X and Tiros X Photograph Comparison
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